Abstract-Improving the quality of satellite images has been considered an essential field of research in remote sensing and computer vision. There are currently numerous techniques and algorithms used to achieve enhanced performance. Different algorithms have been proposed to enhance the quality of satellite images. However, satellite images enhancement is considered a challenging task and may play an integral role in a wide range of applications. Having received significant attention in recent years, this manuscript proposes a methodology to enhance the resolution and contrast of satellite images. To improve the quality of satellite images, in this study, first, the resolution of an image is improved. For resolution enhancement, first, the input image is decomposed into four frequency components (LL, LH, HL, andHH) using the stationary wavelet transform (SWT). Second, Singular value matrices (SVMs) UA and VA which contains high-frequency elements of an input image are obtained using singular value decomposition (SVD). Third, the high-frequency components (LH, HL) of an input image are obtained using discrete wavelet transform (DWT) and corrected by SVMs and SWT. Next, the interpolation factor is added and the high-resolution image is obtained using inverse discrete wavelet transform (IDWT). Second, the contrast of the image is optimized. For the contrast enhancement, the image is decomposed using DWT into subbands such as(LL, LH, HL, andHH). Next, the singular value matrix (SVM) of the LL sub-band is obtained which contains the illumination information. Then, SVM is modified to enhance the contrast. Finally, the image reconstructed using the IDWT. In this paper, the results from the method above are compared with existing approaches. The proposed method achieves high performance and yields more insightful results over conventional technique.
I. INTRODUCTION
In recent years, the demand for visual information is increasing exponentially. It has been observed that visual information such as photos, audios, videos, etc. is one of the fundamental resources of receiving data which plays an integral role in people's lives [1] . Most of the information people receive and work with is visual information, particularly audio and image based. The human brain has the capability of processing visual information efficiently. The more substantial part of the human brain is dedicated to handling visual information. In contrary, the computer systems have not the ability to interpret, sense and effectively process the visual information. The performance of the visual systems can be influenced by many factors such as viewpoint and perspective, illumination, scale, deformation, and high intraclass variations. While discussing the visual information and their importance in today's life, one cannot ignore the growing demand for the quality images in many applications such as geosciences studies [2] , biomedical imagining [3] , astronomy [4] , geographical information systems [5] , surveillance [6] , and remote sensing [7] . The usage of quality images is an essential requirement to achieve robust results. Furthermore, many factors such as poor illumination, adverse weather conditions, moving object, poor camera resolutions, etc. can affect the quality of images. These factors can extensively influence the contrast and resolution (dimension) of the images.
Extending the discussion about the quality of the images, in remote sensing, the quality of satellite images is also essential. Satellite images are widely used in many applications including urban planning and management, military planning, population estimation, and disaster monitoring. The resolution (dimension) and contrast of an image considered as one of the most significant quality characteristics in satellite images. The images can be transformed to get high-quality images with high resolution and standard contrast. Therefore, to improve the quality of satellite images, the image enhancement in satellite images has been an aspiration of rigorous research for numerous years. Over the years, many techniques have been proposed to enhance the resolution and contrast of 'poorquality satellite images. Besides, these algorithms have the great ability to deal with diverse aspects of image quality, such as dark areas, noise, light distortion, texture details, colour, scale, etc. The interpolation is one the most commonly used techniques to image resolution enhancement. The interpolation is a widely adopted method to increase the number of pixels in an image [8] , [9] , [10] . The most commonly used interpolation techniques are bilinear interpolation, wavelet zero padding [11] , bi-cubic interpolation [12] and nearest neighbor interpolation.
Furthermore, the wavelet transform also plays an incredible role to enhance the quality of the image. Many wavelet-based techniques have been developed to increase the dimension of the image. In particular, discrete wavelet transform (DWT), integer wavelet transforms (IWT), and stationary wavelet trans- form (SWT) are the mostly adopted techniques respectively. Moreover, as we discussed, the contrast is one of the essential quality factors in the satellite images. Besides, in satellite images one the most common problems are their low contrast [13] . Contrast improvement is the pre-processing step in different remote sensing applications, and it is considered one of the most challenging issues [14] . Contrast is determined by the difference in high and low-intensity levels of an object with other objects. The contrast enhancement is necessary to provide better interpret-ability, analysis, representation, diagnosis, and perception of information in the low contrast images [15] . Low contrast image is flat with variations in the brightness and density value such as it is hard to differentiate between their dark and light values. The low contrast of an image could be the result of many reasons such as a low-resolution camera, aliasing due to improper selection of sampling rate or poor illumination.
Moreover, the information in the low contrast images is highly concentrated over a narrow range in some areas. The data may be lost in those areas which are extremely and uniformly concentrated. Therefore, to obtain a high contrast image which represents all the information to provide better input for remote sensing applications is necessary. Over the years, researchers have put lots of efforts in this field and several methods has been presented. Among them, Histogram equalization (HE) is the most popular technique to enhance the contrast of an image. Furthermore, HE is divided into two kinds: global histogram equalization (GHE) and local histogram equalization (LHE). Both of the methods have their advantages and disadvantages. GHE is a simple and more effective method to improve the contrast of the image based on global information. GHE required a less computational cost.
On the other hand, in compare to GHE, LHE is more robust in improving the overall contrast of the image, but it needed a high computational cost. Moreover, both methods change the brightness value of the input image significantly. This change results in some unwanted artefacts, which causes the saturation in uniform areas (very bright and very dark intensities) of the processed image. Furthermore, to avoid these inadequacies, several methods have been developed [16] , [17] , [18] , [19] , [20] . On the contrary, to prevent the limitations associated in HE method to enrich the contrast of the image. Singular value decomposition-based techniques have been introduced [14] , [21] , [22] , [23] , [24] , [25] .
In this paper, a combined approach to enhance the quality of the image has been proposed. The method first uses the bi-cubic interpolation to improve the dimension of the lowresolution images based on SVD, SWT, and DWT. Next, the contrast of the high-resolution image is enhanced based on SVD and DWT.
The rest of the paper is organized as follows: Section II discusses the theoretical background of the study, Section III elaborates the proposed methodology in detail, Section IV presents the experimental results and analysis, Section V contains the summary of the paper, and finally Section VI describes the future work.
II. THEORETICAL BACKGROUND
In recent years, a great deal of effort has been invested in the development of approaches to image enchantment in satellite, aerial and natural images [30] [31] . Furthermore, earlier works and initiatives that have been made to enrich the contrast and resolution of the images adequately are briefly examined as follows. Neena et al. [8] , proposed a technique for image enhancement. The proposed technique up-scaled the resolution of an input image based on bi-cubic interpolation and stationary wavelet transform (SWT). The proposed model achieved excellent performance over conventional methods but required a high computational cost. Zhang et al. [9] , suggested a model which combines two methods of interpolation that rational and fractal models which upscale the input image (low-resolution) to high-resolution image. The proposed method achieves robust performance with smooth edges and less blurring. However, the process produced high complexity. Kang et al. [10] , introduced a model, which uses image interpolation based on direct adaption and image restoration. The proposed method adopts the bi-linear and bicubic interpolation filters to reduce the jagging artefacts in edge regions. The experimental result shows that the method achieved good interpolation efficiency compared to state-of-the-art techniques. Though, the system has some weaknesses. Tinku et al. [11] , has proposed an algorithm for image resolution. The technique is based on both non-adaptive and adaptive image interpolation. The process yields robust performance and improves the quality of an image vigorously. Furthermore, Keys et al [12] , has developed a method which is based on cubic convolutional interpolation. The proposed method has a robust performance in resampling the discrete data and yields the excellent performance in scaling up the resolution on an image.
Demirel et al. [21] [22] have developed the model to contrast enhancement. The method used the singular value decomposition to equalized the processed image. In comparing to HE methods, the proposed methods yield good performance. However, the method performance is not good for the low contrast images as the intensity of Low-contrast image varies in three different types, i.e., low range (dark image), mid-range (grey image), and high range (bright image). The method used in Demirel et al. [21] , [22] , is based on the scaling of singular value and is not suitable for mid-range (grey image). Since, a correction coefficient is close to "1", which suggests that there is no significant change in a singular matrix. Hence, there is no substantial improvement in the intensity of input images. The method is only suitable for low range intensity (dark) images [8] .
Contrary to Demirel et al. findings, the proposed model is ideal for both Low and mid-range intensity images (dark and grey) and carries the ability to enhance the contrast. So, based on this experimental finding, Atta et al. [23] , the proposed model presents new insights. The method produces better results for the for mid-range (grey image) intensities value. However, its performance is reduced in comparison to the methods [21] , [22] in term of mean, standard deviation, and entropy values.
Based on these findings, the authors are of the view that their experimental approach will provide more meaningful insights into the image quality of the satellite images through low-resolution and low-contrast satellite imaging. The current study is in comparison to the recent studies and distinguished in its findings.
III. PROPOSED METHODOLOGY
In this paper, an efficient model is proposed for image enhancement from low resolution and low-contrast satellite imagery. The proposed method comprises two stages, i.e., resolution enhancement and contrast enhancement. In the first stage, the input image is taken to improve dimension by using a DWT method of Fourier transform based on SWT and SVD. Then, the DWT approach is applied to the enhanced resolution image to increase the contrast. The flowchart of the proposed framework is shown in Fig. 1 . 
A. Image Resolution Enhancement
In satellite images, the resolution is one of the essential features. The resolution of the images can be improved to make the system's overall performance better. In this paper, the resolution of the satellite images is increased using DWT based on SVD and SWT. First, the low-contrast input image A is decomposed by applying DWT and SWT along the rows and columns of the input image separately. This decomposition results in four different sub-bands, namely, low-low (LL), low-high (LH), high-low (HL), and high-high (HH) bands, respectively.
Moreover, the edges are concentrated on LH, HL, and HH sub-bands which are high-frequency components. Therefore, to obtain the image with high resolution, the highfrequency sub-bands (LH, HL, HH) are corrected. Second, input image has converted to SVD domain to acquire the singular value matric which is the product of three matrices named an orthogonal matrix U A , the transpose of an orthogonal matrix V A and a diagonal matrix Σ A .The singular value matrices U A and V A contains elements with high-frequency values, and Σ A contains the illumination information such as intensity of the input image. Third, the coefficients of the orthogonal matrix U A along with its transpose matrix V A are multiplied with the high-frequency components (LH, HL) of the input image obtained using SWT. Next, this multiplication result is added to high-frequency components (LH, HL) obtained using DWT. Then, the bicubic interpolation with a factor of 2 is applied to an input image and estimated coefficients (LH, HL) along with HH of DWT. Finally, the interpolated outputs are combined using the inverse discrete wavelet transform (IDWT) to get a high dimensional image.
B. Image Contrast Enhancement
Next, the high-resolution, low contrast image A and its histogram-equalized image Aˆare decomposed by applying 1-D DWT along the horizontal direction (rows) of the image and then the results are decomposed along the vertical direction (columns). The effect of the decomposition is four different kinds of sub-bands namely, low-low (LL), low-high (LH), high-low (HL), and high-high (HH) bands, as shown in Fig. 1 . As we discussed in the previous section, the edges are concentrated on high-frequency (HF ) components such as LH, HL, and HH. Further, any transformation in lowfrequency components, such as the LL sub-band, will not affect the edge information in high-frequency bands since illumination information was concentrated in the LL sub-band. Second, the LL sub-band of both input image A and its histogram-equalized image Aˆare chosen for further processing to improve the contrast of an image.
At this point, the decomposed image has been converted to the SVD domain to obtain the singular value matrix (SVM) which is the product of three matrices, named an orthogonal matrix U A , the transpose of an orthogonal matrix V A , and a diagonal matrix Σ A . The SVM contains the illumination information, such as the intensity of the input image. The normalization of the SVM values is attained to change the contrast of the image. The intensity of the input image will only be affected by the modification in the singular values. The Σ A contains the intensity information of the image. It is one of the leading advantages of using SVD for image equalization [28] [29] . Therefore, the SVD of an image, which can be taken as a matrix of size N × N can be defined in Eq. (1):
Further, the method calculates the ratio of the maximum singular value of the generated normalized matrix, with zero arithmetic mean and unity variance over a normalized image. The mathematical formulation is shown in Eq. (2):
Where N (µ=0,var=1) taken as the coefficient, is the SVM of the synthetic intensity matrix and is used to regenerate an equalized image by using Eq. (3):
www.ijacsa.thesai.orgTherefore, from the definition of SVD, the SVMs of LL sub-band images of both A and Aˆare obtained. Next, the correction coefficient c is achieved, which is the maximum element in both SVMs and take their ratio using Eq. (4):
Where LL Aˆi s the SVM of the LL sub-band image of the histogram-equalized image A and LL A is the SVM of the LL sub-band of the input image. Eq. 5(a) and Eq. 5(b) obtain the new sub-band image:
Finally, the contrast-enhanced image A is obtained by applying IDWT on the estimated LL sub-band LL A along with high-frequency componentsLH A , HL A , and HH A subbands:
Additionally, from the achieved results, it is quite clear that the edge components of the HF bands are not disturbed and remain undamaged. The illumination information is the only thing to be manipulated alone to enhance the contrast of an image.
IV. RESULTS AND DISCUSSIONS
In order to, check the quality and efficiency of the proposed approach. Most of the experiments were carried out on different satellite images publicly made available to use for a wide variety of remote sensing tasks, such as resolution enhancement, and contrast enhancement. Moreover, all the experiments were conducted adequately in MATLAB 2015a with the following PC specifications: 2.5-GHz CPU, 4 GB of RAM, and Windows 10. Furthermore, to evaluate the performance of the proposed technique. Four 256 × 256 lowcontrast with low-resolution satellite images were utilized, as shown in Fig. 2 .
Row (a) was the low resolution and contrast input image. Row (b) contains enhanced images using the proposed approach. Row (c) show enriched images using SWT-IWT methods based on SVD [8] . Row (d) illustrates the result obtained using WZP method [11] . Row (e) depicts the result attained using DWT-SWT methods [27] . Finally, Row (f) displays the image enhancement result achieved using DWT technique [26] . Moreover, the quantitative quality assessment is done to check the suitability of the proposed method. To assess the quality and to compare the performance of the proposed method with existing approaches to image enchantment. The following quality measure criterions were used such as mean square error (MSE), peak-to-signal-noise ratio (PSNR) and entropy.
These measures are the best way to evaluate performance. Mathematically, these measures were defined as:
Where A(x, y) is the pixel value of the original image and Aˆ(x, y) is the pixel value of the output image M is the size of the image and R is the maximum pixel value. Table I shows the comparison of the quality measure that MSE of the proposed approach with the existing methods. Four different low resolution and contrast satellite images of size 256 × 256 have been taken for the testing purpose. It can be seen, from Table I that the proposed method yielded a noticeable performance. As compared to existing approaches, the proposed method generated less error of 24.33%. Certainty, this is due to the proposed method's image enhancing capability. Furthermore, the comparison of the PSNR values of the proposed method produced along with other methods is given in Table II . It can be observed from the table that the recommended method results in a robust PSNR of 33.26 dB, which is the best rate when the input images are low resolution and contrast satellite images. The proposed method dramatically improves the quality of a degraded image to an acceptable ratio which makes the technique a better approach. Moreover, Table III depicts the entropy performance comparison of the proposed approach with extent methods. Furthermore, it can be analyzed from the Table III that the amount of information within an image for the proposed method is higher than prior approaches. As we can see, the proposed method achieved the excellent value of visual information that 8.47, which is considered as the best quality of a well-enhanced image.
V. CONCLUSIONS
In this paper, a new technique has been proposed to enhance the quality that resolution and contrast of satellite images. For resolution enhancement, the input image has been decomposed into four frequency components (LL, LH, HL, HH) using SWT. Next, the SVD is applied to obtain the Singular value matrices U A and V A contains highfrequency elements. Then, the high-frequency components (LH, HL) obtained using DWT are corrected by singular value matrices and SWT. Later the interpolation factor is added. Finally, the high-resolution image is obtained using IDWT. For the contrast enhancement, the proposed system enhances the contrast of high-resolution with low-contrast satellite images using the concept DWT based on SVD. The low-contrast satellite image is decomposed into DWT subbands such as (LL, LH, HL, andHH). Next, the SVM of the LL sub-band is obtained which contains the illumination information. Then, SVM is modified to enhance the contrast. Finally, the images reconstructed using the IDWT.
In summary, the result depicts that the proposed technique achieved promising results in PSNR, entropy, and MSE. From the quantitative results, it is cleared that the application of the proposed method is useful and supports the obtained visual results better. Hence, the visual and quantitative results show that wavelet transforms work well to enhance satellite images.
VI. FUTURE WORK
Moreover, the result obtained is sufficient and meaningful as compared to conventional approaches. Based on the results received, authors believe that the current study could be applied in many applications such as medical image processing, object recognition, surveillance, remote sensing, edge detection, video processing, feature matching, building detection in satellite images, image cropping, object detection and classification, and others. Wherever it is necessary to provide better interpretability, analysis, representation, diagnosis, and perception of information in the images, furthermore, researchers could extend this work for detecting building objects from lowcontrast satellite images.
Besides the implications as mentioned above, the authors believe that the present study could be extended for future research to enhance the quality of the satellite images which are darker and less visible and affected due to several factors such as fog or smoke, noise, color distortion, and dense weather. Apart from this, in the future, the application of fractional calculus and deep learning technologies will be introduced to enhance the quality of the images. Our next task is to make the proposed technique applicable for different size and types of images.
